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ABSTRACT

Background: Malaria is a global health priority with more than 3 billion people at risk. Resistance to all known classes of
antimalarial develops and spreads quickly, making it difficult to treat malaria effectively. Artemether, one of the first
antimalarial medications it works better against parasites that are resistant to other medications. The conventional dosage
form of Artemether needs frequent dosing.

Objectives: Preparation of sustained release Artemether-Gellan gum nanoparticles (AM-NPs) to avoid frequent dosing.
Materials and Methods: Artemether-gellan gum nanoparticles were prepared using emulsion cross-linking method. The
gellan gum concentration and polyvinyl alcohol concentration were optimized using 3-level 2-factor design process. The
prepared Artemether-gellan gum nanoparticles were evaluated by using Fourier transform-infrared (FTIR), Differential
scanning colorimetry (DSC), Particle size and zeta potential, X-ray Diffraction, and In Vitro Drug Release.

Results:_All formulations had drug entrapment efficiencies between 82.98 and 91.78%. AM-NPs FTIR and DSC
thermograms show no interaction. The prepared AM-NPs are shown to be in an amorphous condition by the XRD peaks.
The improved formulation's zeta potential of -15.8 (mV) suggests good stability. Over a 12-hour period, the drug release
of all 13 produced AM-NPs ranges from 87.09 to 98.26 percent.

Conclusion: The prepared formulation of Artemether-gellan gum nanoparticles offer 12-hour sustained release effect and
solve frequent Artemether dosing issues
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INTRODUCTION

Malaria is a global health priority with more than 3 billion
people at risk. Resistance to all known classes of anti-
malarial develops and spreads quickly, making it difficult
to treat malaria effectively [1]. Additionally, because
intracellular parasites are not specifically targeted, high
dosages of treatment drugs are employed, which increases
the likelihood of associated toxicities [2]. The structure,
content, and function of the host erythrocyte cell membrane
are significantly altered when the malaria parasite invades
[3]. Plasmodium is the genus of parasitic protozoa, which
are unicellular microorganisms that cause malaria. The
parasites that cause malaria in humans are Plasmodium
falciparum (malaria tropica), Plasmodium vivax (malaria
tertian), Plasmodium malariae, and Plasmodium ovale
(malaria quaterna). When an infected female Anopheles

mosquito bites a person, the parasite enters the bloodstream
and makes its way to the liver, where it matures and
reproduces [4-5]. Several medications, such as quinine,
quinidine, chloroquine, primaquine, halofantrine (a related
quinolone), and pyrimethamine, have been used to treat
malaria; however, the parasite has reportedly become
resistant to most of these medications. For this reason, the
WHO has recommended using artemisinin and its
derivatives, such as dihydroartemisinin, artesinuate,
arteether, artemether (ARTM), and lumefantrine [6-7].

Artemether, one of the first antimalarial medications, is still
superior to more recent ones; in fact, it works better against
parasites that are resistant to other medications [8]. Both P.
falciparum and simple malaria have been shown to be
significantly inhibited by it. Additionally, it has been shown
to be quite beneficial in treating cerebral malaria [9].
Because of its weak water solubility and hepatic first pass
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action, artemether has inconsistent and low oral absorption,
making the oral route ineffective. It is a member of class II
biopharmaceuticals, which have high permeability and poor
solubility. It has a very short half-life of two to three hours.
Because oral artemether requires a course of 24 pills over
the course of three days, the dosing regimen is non-
compliant [10]. Each dose consists of four tablets
containing 20 milligrams of artemether. In addition to
creating uncertainty, it also results in drug resistance that
necessitates higher dosages, which eventually causes
intracellular parasite damage and nonspecific targeting
[11]. By combining biopolymers (chitosan and gellan gum)
in nanoparticle form, a novel dosage form was created to
address the shortcomings of traditional artemether delivery
methods. Because it uses less artemether, this recently
discovered dosage form may be less toxic and improve
patient compliance by reducing the frequency of doses [12].
The most stable, efficient, and safe nanostructures are
thought to be polymeric nanoparticles (PNs). Therapeutic
approaches based on nanotechnology have frequently been
applied to drug-specific delivery [13]. Drug loading is
accelerated by nanocarriers' high surface area and
modifiable physicochemical characteristics. In addition to
locally increasing the concentration gradient and
contributing to drug accumulation at local action and/or
absorption sites, the decreased dimensions also improve
bioavailability and lessen side effects [14]. Utilizing natural
polymers in PNs increases their efficacy, reduces toxicity,
and improves stability, making them less immunogenic,
biocompatible, and biodegradable [15]. Gellan gum (GG)
and other polymers have been shown to have a
mucoadhesive  ability. They are also non-toxic,
biodegradable, biocompatible, and reasonably priced [16].
Pseudomonas elodea produces gellan gum, a linear anionic
hydrophilic exopolysaccharide that is a very attractive
polymer due to its stability, resistance, and capacity to form
a hydrogel structure in the stomach's acidic environment
[17]. This allows it to regulate the rates of drug release in
the upper segments of the GIT [18-19]. Furthermore, GG's
well-known mucoadhesive qualities and capacity to shield
medications from early (chemical and enzymatic)
degradation are crucial for managing drug release kinetics
[20].

The current study set out to create and evaluate Artemether-
gellan gum nanoparticles (AM-NPs) as an antimalarial

treatment. Advanced statistical optimization approaches are
a practical and methodically effective tool that improves the
R&D process and speeds up the creation of dosage forms.
In this work, the concentration of polymers was optimized
using a 32-factorial design. Physicochemical properties
were investigated, and the impacts of two factors
(concentrations of gellan gum and polyvinyl alcohol) on
drug release and entrapment efficiency were assessed.
Entrapment efficiency, X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FTIR), particle size
measurement, and in vitro release profile were used to
analyse the nanoparticles.

Materials and Methods:

Materials: Artemether (AM) was obtained as gift sample
from Cadila Pharmaceutical Pvt. Ltd., Dholka, Ahmadabad,
India. Gellan gum (GG) was also gifted by Meron lab,
Kerala, India. Dioctyl sodium sulfosuccinate (AOT) and
polyvinyl alcohol (PVA) was purchased from Sigma-
Aldrich, Bangalore and Galaxy Chemicals, Gandhinagar,
India respectively. All other chemicals used for analysis
were of analytical grades.

Preparation of Artemether-Gellan gum Nanoparticles:
Emulsion cross-linking was used to create Artemether-
gellan gum nanoparticles [21]. In short, 50 mg of
Artemether and 10 mg/ml of pure gellan gum were made in
methanol and deionized water (pH 8.0), respectively.
Sonication (Sonics, Vibracell, USA) was used to emulsify
the solution with three milliliters of Tween 80 (10% w/v)
over an ice bath for one minute. By sonicating the initial
emulsion for three minutes over an ice bath, the secondary
w/o/w emulsion was created in 15 milliliters of polyvinyl
alcohol (% as given in table 1) aqueous solution. With
constant stirring, a 5 ml, 60%, w/v aqueous calcium
chloride solution was added gradually to the
aforementioned emulsion. A rotary vacuum evaporator
(Heidolph, Germany) was used to extract methylene
chloride under vacuum, and the resulting nanoparticles
were collected by centrifugation at 15,000 rpm for an hour.
After two rounds of washing with deionized water, the
nanoparticles were centrifuged to extract the unentrapped
medication and PVA. The resulting pellet was lyophilized
after being reconstituted with water [22-23]
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Table 1. Design given by Software for formulation of AM-NPs:

X Independent variable Dependent variables
Experimental
run Gellan Gum concentration | Polyvinyl alcohol | EE DR
(X1) (%) concentration (X2) (%) Y1 (%) Y2 (%)

F1 0.1 35 88.42 91.87
F2 0.05 4 82.98 94.68
F3 0.15 35 90.14 91.39
F4 0.05 3 87.23 89.06
F5 0.1 35 87.44 96.22
F6 0.15 3 91.78 87.09
F7 0.1 3.5 90.67 89.28
F8 0.1 35 86.05 90.06
F9 0.05 35 88.93 92.65
F10 0.1 4 83.02 95.57
F11 0.15 4 89.44 98.26
F12 0.1 3 86.37 92.83
F13 0.1 35 89.66 94.28
Coded levels

i Low level Mhaon Kiigh
Independent variable 1 level level

© 1)

X,= Gellan Gum concentration (%) 0.05 0.1 0.15
X>= Polyvinyl alcohol concentration (%) 3 3.5 4

Experimental design: Throughout AM-NPs development,
several pilot studies were conducted to enhance their
sustained release activity. Analysis of variance (ANOVA)
was used to establish the statistical validity of polynomial
equations produced by Design Expert software version 11.
A predictor equation with interactive and polynomial terms
to assess the responses is obtained by fitting a multiple
linear regression statistical model to a 3*-factorial design.
We chose independent variables such as the concentrations
of polyvinyl alcohol and gellan gum, because we found that
they significantly affected the EE and DR during these
batches [24]. A 3-level 2-factor design was employed to
create contour plots of the responses and produce a second
order polynomial equation [25-26]. Using Design Expert
software, the best-fitting mathematical model was chosen
by comparing a number of statistical parameters, including
the coefficient of variation (CV), multiple correlation
coefficient (R2), adjusted multiple correlation coefficient
(adjusted R2), and predicted residual sum of squares. The
significance level was set at p<0.05. Equations were
transformed into three-dimensional response surface graphs
using Design Expert software. The gellan gum
concentration (X1) and polyvinyl alcohol concentration
(X2) were selected as independent variables. Encapsulation
efficiency (EE) Y1 (%) and Drug release (DR) Y2 (%) were
selected as dependent parameters. A full-model second-
order polynomial equation was constructed utilizing several
regressions and the updated values of the independent and
dependent variables [27].

Characterization:

Entrapment Efficiency: The following formula was used
to determine the amount of entrapped Artemether in AM-
NPs [28]:

Where,

D=Weight of Drug determined, 7=Weight of total drug
added.

FT-IR: To evaluate the interaction between the various
formulation components, FT-IR analysis was performed.
Using an FTIR spectrophotometer (Perkin-Elmer, USA),
materials were analyzed. FTIR analysis was performed on
pure AM, GG, and AM-NPs using the KBr pellet technique.
The sample was combined with KBr and manually pressed
into a CD. The 4000400 cm-1 range of the spectrum was
analyzed [29].

XRD: XRD analysis was used to determine whether the
material, which includes Pure AM, GG, and AM-NPs was
amorphous or crystalline. [30-31] the diffraction angle 26
was 10-800 and the scanning rate was 10/min. Cu Ka at
0.154 nm and a monochromator voltage of 40 kV were used
to gather the results. In the region 5°<26, the diffraction
pattern was identified.

Differential Scanning Calorimetry (DSC): Using DSC
(DSC-60, Shimadzu, Kyoto, Japan), the thermal properties
of the powdered samples of Pure AM, GG, and AM-NPs
were investigated [32]. To determine the physical state of
AM contained within the produced nanoparticles, DSC was
performed. After precisely weighing each sample, they
were all placed in an aluminium pan and kept at 10°C min—1
between 40 and 250°C[33].
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Particle size distribution: The Malvern Zeta sizer ZS 200
was used to disperse the sample in water in order to
determine the particle size distribution of Pure AM, GG,
and AM-NPs. Using a Malvern Zetasizer (Nano ZS90,
Malvern Instruments Ltd., U.K.), the Dynamic Light
Scattering (DLS) technique was used to assess particle size,
Zeta Potential (ZP), and PDI (Polydispersity Index). The
samples were diluted ten times with distilled water to create
a homogenous dispersion, which was used to measure the
particle size, PDI, and Zeta potential [34].

In-Vitro Drug Release: Dialysis membranes were used in
in vitro release experiments. The dialysis bag (molecular
weight cut off 20 kDa, pore size 0.2 pm) was filled with 100
ml of phosphate buffered saline (PBS) at pH 7.4 after the
AM-NPs (equal to 25 mg of medication) were dissolved in
10 ml of distilled water. A magnetic stirrer was used to
continually agitate the medium at 50 rpm while maintaining
a temperature of 37+0.5°. Over the course of 48 hours, 5 ml
of the sample was taken out at different times, and each
sampling was conducted with new phosphate buffered
saline (PBS) at a pH of 7.4. The UV-Visible spectrometer
at 212 nm was used to measure the amount of medication
emitted. [35-37]

Result and Discussion:

Entrapment Efficiency: The drug entrapment efficiency
for respective experimental batches is shown in Table 1.
The drug entrapment efficiency of all formulations in the
ranges of 82.98-91.78 %. F2 batch having gellan gum and
polyvinyl alcohol concentration at 0.05 % each shows lesser
entrapment efficiency.

FT-IR: Figure 1 shows the FT-IR spectra of pure AM, GG
and AM-NPs. FTIR spectra of artemether (ARTM)
indicated the presence of four characteristic peaks of C-H
stretching vibrations at 2698 cm™', 2813 cm™, 2910 cm™,
C-H aromatic stretching at 3288 cm™ and C-O-O-C
bending vibrations at 1119 cm™, C-O-C stretching
vibrations at 1036cm 'and 1277.83cm™!, and C-H
bending vibrations at 1452 cm™'[38].The spectra of gellan
gum shows characteristic peaks at 1599cm™! (shows C-O
stretching vibrations), 1404cm™ (O-H bending vibration)
and 1021cm™ (C-O-C stretching).In the spectrum of AM-
NPs, various characteristic peaks of pure AM were
appeared without any significant deviation of these peaks.
It shows no interaction.

AM|
=cg

et N S

00 1000 1500 2000 2500 3000 3500 4000

% transmittance

Wavenumber (cm™)

Figure 1. FTIR spectra of AM, GG and AM-NPs.

(AM- Artemether, GG- Gellan gum, AM-NPs-Artemether
-Gellan gum Nanoparticles)

XRD: Figure 2 shows the XRD patterns of pure AM, and
AM-NPs. The crystallinity peak in the XRD spectra of AM
was sharp and intense. XRD patterns of pure AM shows 20
at10.85°, 12.81°, 14.16°, 15.71°, 17.09°, 19.43°, 23.03°,

27.83° and 41.57°, indicating a crystallinity[39]. On the
other hand, XRD spectra of AM-NPs showed a less intense
peak of crystallinity as compared to the pure drug. As a
result of the produced AM-NPs has in an amorphous state
and spread in gellan gum.
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Figure 2. XRD spectra of AM and AM-NPs.
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DSC: This test was performed to investigate the interaction
between drugs and carriers. DSC thermograms of pure AM,
GG and AM-NPs are shown in Figure 3. A sharp
endothermic peak at 89 °C was observed in the thermogram
of AM, which corresponds to the melting point of the pure
AM. [40] In DSC thermograms of GG, a broad endothermic

peak is observed between 50-60 °C, which corresponds to
melting point of pure GG. The thermogram of AM-NPs
indicates melting peaks of both pure AM and pure GG,
which indicates no interaction between AM and GG. Slight
decrease in thermograms intensity in AM may be due to
decrease in crystallinity of drug in AM-NPs.

T 50

Temp (°C)

00 50 300

Figure 3. DSC thermogram of AM, GG and AM-NPs.

Particle size distribution: The mean size (d. nm) of AM
and AM-NPs was about 729.7 nm and 263.3 Figure 4. In
pure form of AM, it has higher particle size than AM in
nanoparticles. It indicates that particle size in optimized

formulation is in nanoparticles ranges. The zeta potential of
optimized formulation was found -15.8 (mV) it indicates
good stability
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Figure 4. Average size (d. nm) of (a) pure AM, (b) AM-NPs.

In-Vitro Drug Release: These studies were performed to
determine the % of drug release from the AM-NPs (See
Figure 5). The drug release in phosphate buffered saline
(PBS) at pH 7.4 was performed for 12 hrs. time duration

. The drug release of all 13 prepared AM-NPs shows about
87.09 -98.26 % for 12 hrs. duration. The DR of pure AM
shows drug release of about 90 % within 8 hrs.
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Figure 5. Dissolution profiles pure AM and each 13 batches of AM-NPs.
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Optimization: Design-Expert 11.0 was used to build the
mathematical link between the variables, and its capacity to
estimate response variables and interact to provide clear
effects on responses was then assessed. The Design-Expert
was used to examine the outcomes for the nine formulations
and compare their formulations to other models. However,
the best fit was noted. A 32 response surface methodology
was used to ascertain the impact of independent factors (X1,
X2) on dependent variables (Y1, Y2) with the fewest
number of experimental trials [41]. To assess the impact of
these independent parameters, counter plots in two
dimensions (Figure 6a, 7a) and three dimensions (Figure

6b, 7b) were created [42]. Thirteen batches were carried out
in order to produce AM-NPs. The effects of two
independent factors (A, B) on the dependent variables (Y1,
Y2) were investigated statistically using a 32-factorial
design [43]. For the first dependent factor, Y1, or EE, the
second order polynomial equation was also produced. It
was like this:

Y= 88.1617 + 2.03667. x;+ -1.65667. x, + 0.4775.x, x5+
2.08897. x2 +-2.7510. x3......eq (2)

Design-Expert®
Factor Coding: Actual
Encapsulation efficiency (EE)
@ Désign Points

azo0 NN 5178

1= A: gellan gum concentration
X2 = B: Polyviny! alcahol cancentration

B: Polyvinyl akcohol concentration (%)

Encagsulation effivency EE)

(b)

Figure 6. 2D contour (a) and 3D plot (B) for entrapment efficiency.

Additionally, the polynomial equation for Y2, or DR, the second dependent factor, was derived. The second-order

polynomial equation that was obtained was

......

Y2=93.2492 + -0.108333. x, + 3.42167. x,

Design- 'S Software
Factor Coding: Actual

Drug release (DR)

Drug release (DR}
@ Design Foints
es.06 I cs 6o

X1 = A gellan gum concentration
X2 = &: Polyvinyl alcohol cancentration

B: Polyvinyl akcohol concentration (%)

A: gellan gum concentration (%)
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Figure 7.2D contour (a) and 3D plot (B) for drug release.

The correlation coefficient (R2) values for the Y1 and Y2
responses were 0.7494 and 0.3815, respectively, suggesting
a quadratic equation and linear model that provide a
reasonable match (Table 2). For the EE (Y1) and DR (Y2)
responses, the following equations were discovered.
Positive and negative numbers, respectively, indicate
antagonistic and synergistic effects in the aforementioned
equations [44-45]. Table 3 shows the ANOVA for the
response of models Y1 and Y2. The equation indicates that
entrapment efficiency (Y1) was influenced by the
independent variables x;, x5, x2, x7 and x;x,. Similarly,
the drug release (Y2) response, which is a quadratic
equation, was influenced only by the independent
components x;and x, These independent parameters had

a substantial effect on both entrapment efficiency (EE) and
drug release (DR) at P<0.05[46]. Both models were
significant at P<0.05, with corresponding F-values of 4.19
and 4.70. R2, adjusted R2, predicted R2, SD, and even the
regression equation produced for each answer are included
in the ANOVA values. The model terms were statistically
significant, indicating that the likelihood of mistake is less
than zero, when the p-value was less than 0.05. Table 4
shows the actual, expected, and residual values for each
response variable together with the diagnostic case
statistics. The prediction error was calculated by comparing
the experimental value with the expected value. The actual
and projected values differed less, indicating that the model
was well-fitted. [47-48]

Table 2. Regression analysis for responses Y1 and Y2:

Source Std. R? Adjusted R* Predicted R* | PRESS Remark
Dev.
Y1 Response
Linear 2.18 0.4648 | 0.3578 0.1235 77.98
2F1 2.28 0.4751 | 0.3001 0.0196 87.23
Quadratic | 1.78 0.7494 | 0.5704 -0.1476 102.10 Suggested
Cubic 1.80 0.8185 | 0.5645 -3.0965 364.45
Y2 Response
Linear 0.4846 | 0.3815 | 0.2538 108.29 0.4846 Suggested
2F1 0.4882 | 0.3176 | -0.0100 146.56 0.4882
Quadratic | 0.5454 | 0.2207 | -0.4793 214.66 0.5454
Cubic 0.6381 0.1314 ] 0.3099 100.14 0.6381
Table 3. ANOVA for Y1 and Y2:
Source | Sum of Squares | df | Mean Square | F-value | p-value | Remark
Response Y1
Model | 66.67 5 | 13.33 4.19 0.0442 | Significant
Xy 24.89 1 | 24.89 7.81 0.0267
Xy 16.47 1 | 16.47 5.17 0.0572
X%, | 09120 1 109120 0.2864 | 0.6091
x? 12.05 1 | 12.05 3.78 0.0928
x2 20.90 1 |20.90 6.56 0.0375
Response Y2
Model | 70.32 2 | 3516 4.70 0.0364 | Significant
x
! 0.0704 1 | 0.0704 0.0094 | 0.9246
X2 70.25 1 | 70.25 9.39 0.0119
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Table 4. Diagnostics case statistics for various response variables:

Run Actual Predicted Residual | Actual Predicted Residual
Order | Value Value Value Value

Response Y1 Response Y2

F1 88.42 88.16 0.2583 91.87 93.25 -1.38
F2 82.98 83.33 -0.3488 98.68 96.78 1.90

F3 90.14 92.29 -2.15 91.39 93.14 -1.75
F4 87.23 87.60 -0.3672 89.06 89.94 -0.8759
F5 87.44 88.16 -0.7217 98.22 93.25 4.97
F6 91.78 90.72 1.06 90.09 89.72 0.3708
F7 90.67 88.16 2.51 89.28 93.25 -3.97
F8 86.05 88.16 -2.11 90.06 93.25 -3.19
F9 88.93 88.21 0.7160 92.65 93.36 -0.7076
F10 83.02 83.75 -0.7340 95.57 96.67 -1.10
F11 89.44 88.36 1.08 98.26 96.56 1.70
F12 86.37 87.07 -0.6974 92.83 89.83 3.00
F13 89.66 88.16 1.50 94.28 93.25 1.03

Conclusion:

Malaria is a global health priority with more than 3 billion
people at risk. Effective treatment of malaria is hampered
by the rapid development and dissemination of resistance to
all known classes of antimalarial drugs. One of the earliest
antimalarial drugs is artemether. It is more effective against
parasites that are resistant to other drugs. It belongs to the
class II biopharmaceuticals, which are poorly soluble and
have high permeability. Its half-life of two to three hours is
extremely brief. Artemether traditional dose form requires
regular dosing. To prevent frequent dosage, prolonged
release  Artemether-gellan gum nanoparticles are
successfully prepared in this work. Using the emulsion
cross-linking  technique,  Artemether-gellan  gum
nanoparticles were created. The 3-level 2-factor design
procedure was used to optimize the concentrations of
Polyvinyl alcohol and gellan gum. Using a 3%-factorial
design, the statistical effects of two independent factors
(X1, X2) on the dependent variables (Y1, Y2) were
examined. The Y1 and Y2 responses' respective correlation
coefficients (R2) were 0.7494 and 0.3815, indicating a
linear equation and quadratic model that offer a satisfactory
match. With matching F-values of 4.19 and 4.70, both
models were significant at P<0.05. Drug entrapment
efficiency ranged from 82.98 to 91.78% for all
formulations. There is no interaction between AM-NPs
FTIR and DSC thermograms. The XRD peaks indicate that
the prepared AM-NPs are in an amorphous state. The zeta
potential of -15.8 (mV) for the enhanced formulation
indicates good stability. The drug release of all 13 generated
AM-NPs varies between 87.09 and 98.26 percent over a 12-
hour period. The developed Artemether-gellan gum
nanoparticle combination provides a 12-hour sustained
release effect and resolves common Artemether dosage
problems.
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